-1- o 2170128 APPARATUS' FOR GENERATI NG AN AXBRASI VE FLUI D
JET This-invention relates to apparatus for generatl ng an abrasive fluid
jat and especially to such apparatus for useili A cleaning and cu?lr’?@ﬂlzg
operations. Prior apparatus of this sort includes a jetting hea

ejecting a jet of abrasive particles entrained in a streamof a fluid whijch
may be either gas or |i quiABPARATIUGRFOR/ GENERANIING| AN SBRAGRVEr FLMe JEtuid is ¢
normal |y passed axi.ably through-the head as a high pressure jet and .
the' abrasive particles are introduced into the fluid jet generally at an
angl e to the directi Shiphnrersiopheskasresatrl apparatysr fohegneratilng jrembsasiveat
a jet of abrasiveiqarGielRe éspeRit@tiedodbudt @Ppsnead Fdr0ULd NG QuLdAhgOfnd he
head onto the artlcl e to be abrasively treated. The abrasive particl €s are
i ntroduced into YHEIRBRAPETAt$MBnabl e form and nay be either dry, in which

case they are usuall prigd alpﬂélﬂatﬁ.\beof aisl é&&di{neﬁh&alﬂeﬂttmgﬁhéad OForWEt in
whi ch casethey%[e nor ma in the formof aligq

slurry. In nost Ch&Ps & Qﬁ\évﬁfeébf) ?jateugaf'!rf‘érlﬁ%e?d’taﬁj&e&t &% "’a§tée?“ét°fpﬁnp in
that the venturifhfideebidf mbhebd edithey ghs pasdiquid, hnorngh 1y hel theadaids aws t he
abrasive parti cI nt th us, h nunber
of -di sadvgnt ages :rchantlrl ?lwgsagﬁgagig’%ségdﬁ}qgﬂggg% that%tées ea% aT et

punp. First, thehiginpeessuxei ok ohdatheasbyesivar pansiicdes fuae ctarmkiecemtina«p e
in the fluid jeteigal jg tRdetdtiyhge p&aglnhggc%paw Y ridiabn s f*isw%ﬁ%@f &%hd

thereby and noreover it is extrénely ul't to ensure a Q constant
concéntration of2EbeRETainedatin jtheedet $or BRaY ot jetseortnagive rarsbelese of

gbr%m \ée pgrt i clas eﬁusiedloatq{%&xesﬁﬁecf e ot eé b@t]gl%lﬂSSf tune I_Ix_ﬁetd EFH&D t\?\‘h@nnot " @
raw t he abrasive tic stro aon in ir , ‘when the
fluidjet is rea‘b’étg‘ Brishtt ﬂy ttﬁgafﬁfﬂ‘p g‘ﬁ E?E ?Jg’&pgaﬁ‘i}“%\éﬁr?rleevel s

t hat the abrasi vingradtcesd éstcseihlel kead inh£ldwablie popa a:himagaus lebthdd dekadgm

of the feed pi pe, c I i JRo bI Si

by- re-generating }fﬁﬂ FT% gﬁg‘%q't%ogér%cl\ri %&ﬁ ih¥° &F 3& a eggaigﬁ?e){%f

t he | ow concent rakm,opr dfetabilaﬁﬂh\#eh reaser thay amel !tmallm(fsésimenbe gieti in thiee

concentration itediasofof 1&&6%9%19%?' blrg #¥detni fiferh LBKHO ﬂl@%u@%@rﬁééds
to provide an abrasive jet wth
operates as a jet pump in that the venturi effect of the fluid jet

"passing through the head draws the abrasive particles into the head.
The hitherto known abparatus has a numher of disadvantages
which primarily arise because the head operates as a jet pump.
First, the concentration of abrasive particles that can be entrained
in the fluid jet-is limited by the ﬁﬁmping capacity that can be
k_/ : generated thereby and moreover it is extremely difficult to ensure a (\

constant concentration of abrasive particles in the jet. Secondly,
the source of abrasive particles must be close to the head because
thé jet pump cannot draw the abrasive particleé through long runs of
piping. .Thirdly, when the fluid jet is reduced or switched off tﬁe
pump action drops to such levels that the abrasive particles settle
in the feed pipe thus causing blockage of the feed pipe. Such
blockages are virtually impossible to clear simply by re-generating
the fluid jet to recreate the jet pump effect. '

- Because of the low concentration of abrasive material and the
"Inconsistencies in the concentration it has not proved possible with

the hitherto known apparatus to provide an abrasive jet with the
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-2- capacity for cutting hard materials such as stone and netals and the
usg of *‘the hitherto known apparatus has generally been limted to cleaning
dperagions and the cutting of soft materials. This invention provides
appar gt'us whi ch does not suffer fromthe above di sadvantages and which

al | owg_t he gemerasiiyfosf cutitinkthezdinatieridl sspoch asestarer ayd mgtals/@eny thiegh

and consi st enig€ YICERNd MAthértoOknAR Afpat8t B hhs GPeford A be&N 1961 £k, f OF
cutting such terials such as reinforced concrete and netals such as

stai nl ess st e&1e3n1pR opsgatinns: andh gheusuthiedfapsefs peteydatst ed at | ower
pressures and/ or IMierinveAcEN pEév NS SfpabBt@S e Abbd @be SsulF@e e oy

del i cate cl eanj ng,operations .such a scalji.ng of, castin and the |ike.
According to t %gﬁbﬁggnﬁisggvg‘ﬁﬁﬁ?%taﬁg &gfggaelr%e°rq'5t?}}?gg%ﬁr§gf%&? Yluidjet
conpri ses net extregliekithreperst fler cagnyinzueusdry htgdsand cansimtettant anount of

abras ve Partbhéheft Ra X b8l ARPErdb1Ls b0 caGOR GRba SRR EOHLILR WhI CN

the abrasive particles are m xed w carrier l1qui Into the bottom
of the hopper Stk magesiale| syrd aprreadnferned eencrate wadoredaly swsh ashe abrasive

particles andstidTRis8tstic@1t pIYN dklt SHENCHAL UR1LWY RROSLEL bR SYetbfdd @F

consi stent concentration, pr?g‘gz neans for g%gpl ngj th?r‘%l urry fromthe m xing

hopper to a jePFrh@rRgses gr {hower pongeRitiasions of Abrashite PRTIGLRALY? t he

jetting head a3lawliedlicsyecetledringidpexatiidn@Céichnas destsliingadsf yastdmls| yndof

the jetting h@gg Mhereby the abrasive particles are entrained in the fluid
ed fro

jet and eject m t he head at high speed to inpinge upon an object to be
ab&:a‘zi vel y treat edccariingetq ithg Invention gpparatup|fiprogenematingran ddsasiveed
an

hown in @uid GReNHnpoi LRPhd el he T B ftald R0 BoIdusHY be&stng HOUSI Ng

defining a transfer space; outlet nmeans defining an outlet aperture _
ext endi ng frofPeHEntranenErofs ghrasivieepantiglap Ao @ Hxdns hopremef | nstdvss
section than tkbheiclt kedtigralis wvhidh @hé @bradiyeapittticlesara piiedawitd by into

downst  eam 1 r SRTIRE LEPYit S aab & Rubplon; BE sV Braet oibp T AETT P g

head; inlet mebien fueh dbrtecthonpughly sietrthe abrasivasparsiphes iaofl et

tangentially hgiﬁkéigetﬂéhaﬂﬁfé%@péﬁgyag;t&I}%oduce a slurry of consistent
concentration, pump means for pumping the slurry from the mixing
hopper to a jetting head, means for introducing a stream of fluid
into the jetting head as a high speed jet in a direction
substantially axially of the jetting head whereby the abrasive
particles are entrained in the fluid jet and ejected from the head
at high speed to impinge upon an object to be abrasively treated.

L_/!' The jetting head is preferably of the type described and shown

in our copending-Application EP-A-0119203 and comprises a housing
defining a transfer space; outlet means defining an outlet aperture
extending from the transfer space; Jjetting nozzle means of smaller
cross section than the outlet means for directing a fluid as a jJet
axially into the transfer space and through the outlet aperture;
inlet means located downstream from the jetting nozzle means along
the axis of the jetting head; inlet means for directing the slurry
of abrasive particles tangentially into the transfer space; the
interior walls of the housing and the position of the inlet means
being such that the slurry is conducted through the transfer space -

particles from the carrier liquid, the abrasive particles moving



interior walls of t he housrng and the position of the inlet neans being
such*that the sl urry i s conducted through the transfer space particles from
the carrier liquid, the abrasive particges noving .preferentially to *
t he periphery of the transfer space and_bein constrar ned by the wall of

t he housi ngPERferpRtigddy, ko the RETEPheTOf r"a‘r‘isg wnsiphEPace amdveeingnar ds 1t fie
axis of t hecm&ttt:angadhaﬁct‘rtwwbm el thé Nddsifg Talﬂetli‘eaﬁﬁéﬁl’eatﬂdﬁudoﬂ @he | SSUI ng

fromtheJeEt nozzle and Lo [hass, th ou%ll rk[e ut et rre ns vvhlge t he
§r° ﬁg

carrier liqguia fromrthe 1 BPYS °§§1ses trite %s a

annul ar | ayentrsdmed)tindthg ctaheidﬂ dldid detwigsuing Sromtthai fadtinpmasele
particles. id Rolfiss AlYARIIRbul It RAIE A% Bhe CQQH]@ &qg plabgnt ally

in the outer surface *et an passa rou e outl et
means are sHYSEANFTRIPR§sSRAFaayt ?eﬁf»é%eaets mw ph@ﬂmert t#ve  def i ni ng

the outl et sEAdunding bre | FyaLd ojecca{du ets |énﬁﬂéﬂ\edt5lﬁfa§b¥e rRageed 14, abr asi on
of the outl et ggg gPr eferabl‘%né X met er.i ag?feed nmeans for. the abrasive
X

particles conpri AS JARKAPeS BRTRSCHB? ATspErAeinRf frtsreRtirklibe and
having a si gmithecautlerr adifake cdfeahaniimidi jéti and e padrage Titirsugh adeance

bet ween t he r t t e b | ti.cles to slip back
freely towar%RE[Ph Q'br gg? vslewgt?rléig?vg 3&%3?%&% ﬁ%ﬁ"eg“"%%% %h é:‘nel |y

el i m nat i ngnatarisi\defilning. Ghetmlmmesnefwt hlee tlayer O'fhgsrrialrt hawgH, t here i s

abrasi ve wegleQBy! Fbauathe Ubrheich BECEheCBEARA! mafek.Si mpl er only to have to
repl ace the screw rat her than the whole of the feed means. The anount of

abr asi ve particPgef ‘f"@&lfoﬂtehﬁe'iﬁrﬂ‘ﬁgf%ﬂdﬁéf‘scf&? Bhe abrapdvedraRrisdptist i ng
the rate of cdsn(ﬁrahe@ranoﬁpﬁaha190é:ewnamg)yaohepipaeamgt Bfrhiar £wubk taadone of o/

di fferent Cﬁﬂ'rel Y9 & Ri‘ﬂ ta¥“: Ea'}l‘ia Foggﬁgh%nottﬁom% er H,g; frustoc_oni cal

section and Eearti opper with a
swirling notlesrapoetberseen mhmgmqthettubhealamwasemwarbrad\as and to

mai nt ai n thﬁ&@ﬂi@l@s%smwa Qtegpy%wdscattcsetéaveoslmtbfeé sqpr; feed to

the mxin for exanf| , nprise a pipe having Ity of
radial | y- exf%?ﬁﬁbﬂgs‘@ﬁf’?‘eft@%ty B"i@ﬁEli%PEﬁtﬁiNQ ¥RARnoR the Walls of the

tube. Thus, although there is abrasive wear on the screw it is much
cheaper and simpler only to have to replace the screw rather than
the whole of the feed means. The amount of abrasive particles fed
to the mixing hopper can be adjusted by adjusting the rate of
rotation of the screw or by replacing the screw with one of
different carrying capacity.

The mixing hopper is a hopper of frustoconical section and the
carrier 1iquid is fed into the bottom of the hopper with a swirling Y,
motion such as to thoroughly wet the abrasive particles and to
maintain them in a suspension of constant concentration. The liquid
feed to the mixing hopper may, for example, comprise a pipe having a
plurality of radially-extending outlets at one end extending down
one wall of tﬁe_hcpper to a point at or towards the bottom thereof
so that the liQuid issuing from the radial outlets causes a swirling
motion in the bottom of the hopper which extends to the upper
regions of the hopper and thus keeps the whole contents of the
hopper in motion. With this arrangement there is no need to have a
stirrer in the hopper and this a positive advantage since any

stirrer would be subject to abrasion by the



one wall. of' the hopper to a point at or towards the bottom thereof so that
the liquid issuing fromthe radial outlets causes a swirling notion in the
bot t.om of the hopper which extends to the upper regions of the hopper and
t hus keeps 't he whole contents of the hopper in nmotion. Wth this
arrangenent there is no need to have a sti rfér~in the hopper and this a
posi t Fve advant agsbraisice panyiclidsr seY womld Habe toube gebqient 2Prraplavedly t he

-4- abrasive particle I f requent |y repl.ace The slurry
of abrasive particl es§%%§qggg$i°griﬁq‘|¥g{ﬂ;%p g%li\?els?gt%g ?1%%565‘? 1?98%11 tlﬁ%v%sotttlj?)m |
thereof and is fekPnrerafnsantheafortamthengef cdndndy fied to popunpivng miappl athdckent

“punp or, preferabhyy va a:%agfdifugﬂsga;amen@n@g@usmeggmgl;b%iystéén@mﬁ%?g-

The invention will now be describe n Eqrea det ai | of exanpl e
‘with reference toPfe 8RhRPRRRI 9 Whe dRttingiReads s a schematic view of one
form of apparatus acconeéitagehtionhel 1 Nvontbeodesctitledi1g. gréat &r AetANCBRIYS of

view of one formof_ jetti head for use in the apparatus according to the
i nvention. As sho'ﬁ%a"dlpge'll“l'igc.54 ?L&:eﬁﬁtécreattﬁs&aecgf)?ai“ﬁ@F}Powﬁf *Thnvention
conprises a supply coRigi hels Roschepatdy wdeparft pud dorg bf apmaranis akcardiegd

screw (2) operati Wt 44 dbe,d43) feeds the abrasive particle into a
m xi ng hopper (4)9‘?r$ vm{ug%nt@}]e)? are mxed into a slurry wwth liquid. The

m xi ng hopper (4) whi &8« ¢ ¥ asthedatiaVipy ofeere Sarn Off dettipg headgfarjuse
EZ;OUQQ f pi pe §51nv\dtn'e_c&tpp@rmmchmd {:égiwtmersml@pff t]pe m;jxi ln? hopper
and term nates at i ower _en in a plurglity of radially

extending outlets (7) As fi‘@"‘b}ﬁeF %) lle .péﬁﬁg’st Bc%frgb?%t“cﬁlfsgf‘i’ﬁnﬁiﬁﬁ bott om
(8Zi~bf thﬁ m Xi ngcm![ngsxs @49uppTiecdntginet f_ex; fa«bdasi![vteofu‘uic)nrbszl(ng fivop patiich 4y
under such pressu r - u 0 cause
2 swirling and stifd n%e#ol‘%’o?l’ﬁ%'ﬁ‘f%ﬁgh‘%&??? h‘le:%\)\‘ﬁ%(lg?h%eg%tm%f Gkaltelo ng
hopper so as to crardiele ingbsa adxing hopirrntiehe olid ck|theyarenmized Aita rag

hopper (4). The siiurry ¢£nPuipad. f e £38nR0HdpREE (@) wafich NG FiadtBEodiRRRCIn
section is fed with liquid through a pipe (5) which runs closely
down one side of the mixing hopper (4) and terminates at its lower
end (6) in a plurality of radially extending outlets (7). The pipe
(5) extends to a point close to the bottom (8) of the mixing hopper

~ (4). The liquid is fed into the mixing hopper (4) under such

'~ pressure that it issues through the outlets (7) such as to causé a
swirling and stirring motion throughout the whole height of the
mixing hopper so as to create a substantially homogeneous slurry in
the mixing hopper (4).

. The slurry is pumped from the bottom (8) of the mixing hopper
(4) through a pipe (9) by means of a pump (10).
On its outlet side the pump (10) pumps the slurry under

pressure into the inlet (11) of the jetting head (12). The slurry
" enters the jetting head (12) tangentially in such a way that the
centrifugal forces generated separate the abrasive particles from
the 1liquid so that the abrasive particles concentrate against the
upstream wall (13) of the jetting head (12). A fluid under high
pressure is injected axially into the jetting head (12) through a
jetting nozzle (14) and the abrasive particles are entrained in the
outside portion of the fluid jet generated by the jetting nozzle
(14) and carried to the outlet (15). The. liquid that is separated



(4) t_hrou'gh a pipe (9) by neans, of a punp (10). On its outlet side the punp
(10) punps the slurry under pressure into the inlet (11) of the jetting

head (12). The slurry enters the jetting head (12) tangentially in such a ’
way that the centrifugal forces generated separate the abrasive pairticles

ffromthe liquid so that the abrasive partPctes concentrate agai nst the:

5t |t S AGh d 0 Gsi r ga
ed axially into the jetting hea rough “a i,ng nozzl e

and the abr asic9Bstraiped | tosPass: d@%‘i‘?'ﬁi’ieﬁ‘é&]fiz%h? ﬁ&tbﬁtgs?‘ﬁiéze‘&t({]%oﬁ“%?q“

fluid jet genanaimrhllay ldyer| sirroagdingzthecabdabivanmhredclescdntminbd iouthet

(15). The liquid th | S g€ d -5- fromthe slurry during
i nt roduction ﬁ]’r‘l1 o tq??tjiée'f tQ?ngﬁ%gtaeg' (12) is constrained to pass downstream

of the jetting noZEheej¢ttingannrzier s shawvminumene fetadl 4w Figuidrhdthehe
oral 6 | Shon e e e s e Lo el npans
etajl | ig. , T ngs. e ipnlet neans
(11) extend t #%gRsfarapPice M‘é}’ f’i‘lg&”t“r gnﬁ?‘??“%p@?%’ (%gl)” '“trﬁ?'rilsatﬁ%‘ffgfﬁﬁ
(17]2 i TheI sl urdiyeésed lhﬂt‘cefﬂzé &rﬁhéﬂl‘t epaden(16)t be asr emHlew shangea(drato as
to ow al ong a [ a [ |
iBThr TR PRbr oS SO L8Ry P ERERIAEL TBL SEBELU Y

cause separ at it6| e abras articles

abr asi ve partiofl the mbvasivespartimies (R fremttheglimuid| end the absesive hey are

constrai ned byatpfe &Aho¥elpsticin 8F IS jERYSENb2EDeNQUS unBYRIthey difat i |
t hey contact and becone entrained i tion of the fluid jet

t he .ouf e or -
(19) entering WORFEERfMeL % thy fﬁéﬁi‘lag 104y %(’Incﬁ‘a?‘?“ééﬁ it N2 AT d j et
t hr ough -t he j aintli DgtiAdothdt il becajecenrvrthinid dugthd beteatipbetionlss thdhe -/
wat er fromthe sl yr es treamof, t jeft] 2 Gnd 24 A0l
ej ected from t%iguﬁ%/te??{)lgyg%énﬁ g}rgﬁé%tﬂgg‘}%a%%ﬁ(éggf 9s§?round?ng teEe ] et
of abrasive pant itbe efluldg)eterthronghethe riething headi (12} to 9 ejeqted throygh .
appreci ated t hgfe Q@gmqﬁgﬂe slurry is punped into the jetting head (12)
rather than drawn into t _efjett'i ng head &122 ,
The water from the slurry movés upstream of the jetting nozzle
(14). and is ejected from the outlet (15) as a protective layer (20)
surrounding the jet of abrasive particles (18) entrained in the
fluid jet (19).
It will be éppreciated that because the slurry is pumped into
the jetting head (12) rather than drawn into the jetting head (12)
by the venturi effect of the fluid jet (19) passing inlet (11) a
high concentration of slurry and therefore of abrasive particles
(18) can be introduced into the fluid jet (19). Moreover because
the slurry is being positively pumped to the jetting head (12) it is
possible to separate the jetting head (12) from the source of slurry
" by a long length of feed pipe (9) thus enabling the apparatus to bg
used in locations in which it is difficult or inconvenient to form

the slurry for example, at high locations or under water.



by the venturi effect of the fluid jet (19) passing inlet (11) a high
concentration ef slliry-and therefore of abrasive particles (18) can be
i*ntrogduced into the fluid jet (19). Mrebver because the slurry is being
posi tively purpeds toMtéie jetting head (12) it i's possible to separate the
jetting head (12) fromthe source of slurry by a long length of feed pipe
(9) thus enabling the apparatus to be used in locations in which it is
difficult or ilncoAvpariagns for feternthey ahldbrdsiod AXRADIR, caMpribaly | OCati ons

or under watepeterinf fedd hed¥sSedy. aratys for generating an abrasive
fluid jet corrpreitesli' rtllg et eJP? ng fgere&"%%ﬁ’gu %I‘F PRERITEN A ot e SRP YR 4f

const ant anoudbPr¥fivabpartiledeptiot cmiodng hopper wifnfrusoppemnicdl feeustan oNi cal

section in whivtlcH e abrasi v pRA Il 6k Gt feddl ¥A% W Lk 2. £ANILES dolyqui d fed
into the bottqm of .the hogper wWith a swrling notion su_cﬁ as 10 thor oughl y
wet the abrasitO8° fhft PHtER ofnihe JiopRetith & @kt linesmetionstunh a® tor oduce a

slurry of conshstaghlgortetlid abiaylvePpdHe 1P 19nd Ao RATHYNS dhdg £ urry from
the m xing ho or, i ntroduci ng a stream of

t jetti head, neans f
fluid into thggjg‘;e"t“ts??n‘g focRipdte ﬁﬂ@ﬁr%ﬁze‘d“}séft?‘ﬁ' SORFeEELEigR, pump
subst anti al | ymasasifpy pyfepinge thetslivmgy Hzad theenbbingt hepralr 6 iavgefidhgi Cl es
are ent rai nednbd,! Eadd #be tnekodRing] £SkeEhal bPHIS NRR0.AL LA Specgl Lo
i mpi nge upon an 02 ect to be abrasively treated.” Z. Ropar dtts e st ng
to claimil, wh8rki 168‘? faestder g AcHaeetion suhssanttaddyi axtaddfyi of mhea
transfer spacgettiugl RéadToRéYRbIEHNaBEaAR OpdAteL1 8P R E Wik rEIdQANE RYef rOm the

transfer spac?% '(gth;L_n nozzl e neans. .o e\i%ﬁ%ross section than the

f. snall
outhét nmeans tr’i Y ok e S ma'éheahfg;f a%x §Peatt Sotimplpgayeprranspace

and t hrough t hbientt ketbeapbrasively timelaeéd.neans | ocat ed downstream fromt he
jetting nozzle means along the.axis of the jetting head; inlet neans for
directing the slurry of abrasive particles tangentially into the transfer
space; the inferi APPattrs asrordiaghteisilagmand vhéreipothd ijentiofy béml i nl et

means bei ng SuédpriBaé o ABudiingr 4ef1n3ng QN AYEdRdr t HREIN Sl Led &@91?5 er space
towards the j gt LiCh that the slurry noves spi rall¥‘ upstream of the inlet
means wher eby ??é? LB 1% PP aperture extending from the transfer space;

jetting nozzle means of smaller cross section than the outlet means
for directing a fluid as a jet axially into the transfer space and

. through the outlet aperture; inlet means located downstream from _
the jetting nozzle means along the axis of the Jetting head; inlet
means for directing the slurry of abrasive particles tangentially
into the transfer space; the interior walls of the housing and the.
position of the inlet means heing such that the slurry is conducted
through the transfer space towards the jet such that the slurry
moves spirally upstream of the inlet means whereby the centrifugal
action separates the abrasive particles from the carrier liquid, the
abrasive particles moving preferentially to the periphery of the
transfer space and being constrained by the wall of the housing at
the upstream end of the transfer space to move towards the axis of
the jetting head to be entrained in the carrier fluid jet issuing
from the jetting nozzle and to pass through the outlet means while
the carrier liquid from the slurry passes through the outlet means
as an annular layer surrounding the fluid jet with its entrained

abrasive particles.
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action séparates the abrasive particles fromthe carrier liquid, the ,
abrgsi ve particles noving preferential J(y to the periphery of the transfer
spate and bei ng constrained by the wal[ Tof the housing at the upstream end 4

~5

entrained b UASpAkLL Slecbbdind kEleraiil 08 LIGN ?p%ﬁegay e 4 f“ﬁ‘?ﬁ o

pass through t neans e t e carrier rom t
passes’t hr feeth mehes cfmfl e mvaspeemiamFampqiaymansav%éhm ng the fluid

jet with Ib§téwtmelmﬂ SHerafinke whiiihl 6| @ibe drdl hdding aldfghlifiddnt1111 C L M
S* -7 Appar at us accordlngto claim1 or claim?2, wherein the

met eri ng féé@li‘ﬂ'e& eanagpe (yithip, thei tbesarticl es conprises an upwardly
extendi ng worm operatl ng within a tube and having a significant radial

cl earance within_t p c¢c i_n a n clains 1
to 3, wherérn lAﬁBa?ﬁé‘sl féi'*geAg ?aﬁ % e°?n x|Panfé1|’"sh?)péoer3 %ﬁgr&eé a pi pe
havi ng a pltbealiquydcﬁeedath ahé wixing hdpper conprises pdne ravdngya endi ng down

one wal | ‘of1,pg,. FrraEl??] lﬁ%kggnﬁ%goéuttlg‘é@rﬂsoﬁ&'%n@%ﬁ:%iﬁ@eﬂo@ﬁf so that

the liquid'issuln e Tadial outlets causes a swirling nmotign in the
bott om of tRe ¥ddpef thei kaPrektthasPeint: Ak AppeYRrAe gfsnBotom Hen8pper
t hereby keqgi figatt BRe IQLEd GeBhENY Srﬂ{ thhe:alami)perutu.atmhum aSewirliygar at us

accordlngto ong of cl ai to re nth is a positive
di spl acemef g?ﬁ:ﬂ é‘ fbﬁbrp?g‘r gfut;hea 5\,\% eXten ne o c] g?‘hs 1to 4,
wher ei n t haeptions BEathe hspmrcem:rqbirumlpiwmbe v‘vholequnaIeatsl@fadtﬁor di ng to

claiml1, s tg%;t)grntfnalmloyio%g descri bed herein with reference to the draw ngsu

5. Apparatus according to any one of claims 1 to 4, wherein the

pump means is a positive displacement pump.

6. Apparatus according to any one of claims 1 to 4, wherein the_

pump means is a centrifugal pump.

7. Apparatus according to claim 1, substantially as described

herein with reference to the drawings.
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